Electrical properties of soybean plasma membrane measured in heterotrophic suspension callus.
Previous work on heterotrophic suspension-cultured cells has failed to detect the electrogenic processes normally associated with the plasma membranes of non-animal cells. This study reports measurements on heterotrophic cells from soybean (Glycine max L.) suspension cultures, which are shown to be amenable to impalement with microelectrodes. The plasma membrane clearly exhibits fundamental characteristics which are common to many other plant cell types: (i) a resting membrane potential significantly more negative than-100mV (measured value:121±4mV); (ii) obvious electrogenic activity, as evidenced by the marked depolarization of the membrane (87±6mV) by cyanide, and by the fact the membrane potential was frequently more negative than the equilibrium potential for K(+); (iii) a finite permeability to K(+) ions; (iv) electrophoretic transport of glucose. The development of a recording medium consisting primarily of 1:5 diluted growth medium was critical for successful impalement of these cells. It is proposed that the novel identification of electrogenic processes in heterotrophic suspension-cultured cells results from the deployment of electrodes with relatively dilute filling solutions, thus avoiding substantial changes in intracellular ion concentrations.The overwhelming majority of cells in soybean suspension cultures exist in small clusters, and the possibility of intercellular coupling potentially precludes assessment of membrane specific resistance and current density. Furthermore, as with most higher-plant cells, the vacuole occupies a large fraction of the intracellular volume. However, a model in which the measuring electrode is cytosolically located and the cells are electrically well-coupled is the only one which satisfactorily generates values for membrane specific resistance in a manner which is not strongly dependent on the number of cells in the cluster: other models in which the electrode tip is located in the vacuole and-or the impaled cell is electrically isolated from the others do not seem to apply. The measured values of membrane specific resistance are in the range 5.4 to 8.4 ω·m(2), which is in excellent agreement with comparable measurements on other plant and fungal cells. The results are discussed with respect to mechanisms of transmembrane signalling in soybean, as well as to general electrophysiological studies on higher-plant cells in suspension culture and in tissues.